The concentration of free phosphate groups is measured in rat liver chromatin after DNase II digestion using polylysine titration. The unsheared chromatin completely precipitates at lysine/DNA phqsphate ratios of 0.5 to 0.6. Digestion of the chromatin reduces the lysine/DNA phosphate ratio of complete precipitation by about 0.2 units suggesting the removal of free phosphate groups. The two chromatin fractions: MgC^ insoluble (template-inactive) and MgCl, soluble (template-active) chromatins precipitate at about the same lysine/DNA phosphate ratio. Some 15 % of the MgCl-soluble chromatin remains in solution at any polylysine concentration. The removal of histone H 1 from the MgCl 2 insoluble chromatin increases the lysine/DNA phosphate ratio by about 0.2 units suggesting that 20 % of the DNA phosphate groups in nucleosomes are masked by histone H 1.
INTRODUCTION
Digestion of eukaryotiq chromatin with DNases produces repeating units, nucleosomes, which contain 140 to 200 base pairs of DNA (1) (2) (3) (4) and an octet of histone molecules (5) . It has been concluded that in the nucleosomes DNA has been compacted 7 times of its extended length (2, 6) . By contrast, the internucleosomal sequences (2) may not be compacted. Although experiments have been reported on the organization of DNA and histones in the chromatin (7), the space structure of chromatin remains by and large unestablished.
Polylysine has been used as a probe to measure the concentration of free DNA phosphate groups in chromatin (8) (9) (10) . A complete precipitation of the total chromatin has been reported at lysine/nucleotide ratios of 0.5 (8, 11) . However, less information is available on the binding of polylysine to nuclease digested chromatin or to subtractions of chromatin. Such a data would give information on the organization of free phosphate groups in the subfractions.
In the present study rat liver chromatin is digested with DNase II and the polylysine binding of the intact and the digested chromatin is measured in order to determine whether the enzyme preferentially hits the sequences with accessible phosphate groups. Two fractions are isolated from the digestion mixture: MgCl, soluble (template active) and MgCl 2 insoluble (template inactive) chromatin to correlate the polylysine binding to transriptional activity. Moreover, nucleosomes are purified using gradient centrifugation to measure the concentration of free phosphate groups in highly compacted chromatin.
MATERIALS AND METHODS
Preparation and digestion of chromatin. Rat liver tissue was homogenized in 1 * MgCl-(about 5 g of liver tissue/40 ml) and nuclei were prepared by centrifugation through 2 M sucrose as described elsewhere (12) . The nuclear pellet was washed first with 0.15 M NaCl containing 0.1 % Triton X-100 and then two times with 0.15 NaCl containing 1 mM EDTA, pH 7.6.
Purified nuclei were lysed in 4 ml of 10 mM NaHSO 3 , containing 0.2 mM EDTA, pH 6.5. The chromatin was fractionated largely as originally described by Bonner et al. (13) using DNase II digestion for 30 min. The details of the digestion and the Mgci 2 fractionation of chromatin have been described elsewhere (12) .
In some cases unsheared chromatin was prepared using the method of Hancock (14). Removal of nonhistone and HI proteins from chromatin. The loosely bound nonhistone proteins were extracted from the chromatin with 0.35 M NaCl containing 10 mM phosphate buffer pH 6.8.
The extracted chromatin was sedimented at 120000 g for 14 h.
Proteins containing histone H 1 were extracted with 0.5 M NaCl containing 10 mM phosphate buffer, pH 6.8 (15) .
The chromatin pellets were resuspended in 10 mM Tris pH 8:0
and centrifuged at 10000 g for 10 min in order to remove the insoluble aggregates. The supernatants were titrated with polylysine . The chromatin fractions were characterized in sucrose gradients (Fig. 1) . The MgCljinsoluble chromatin displayed a typical 11 S peak containing nucleosome monomers, and some larger peaks containing multimers of nucleosomes. The sedimentation pattern also indicates that the DNase II digestion time used (30 min) was long enough to produce primarily monosomes. The MgClj soluble fraction was characterized by sedimentation peaks of about 4 S (large peak) and 14 S (small peak) in analogy to the oviduct fractions (12) .
The chromatin samples were titrated with polylysine to measure the concentration of free phosphate groups in the fractions (Fig. 2) . The unsheared chromatin was completely precipitated at a lysine/DNA phosphate ratio of 0.5 to 0.6. The DNase II digested chromatin was precipitated at a lower lysine /DNA ratio of 0.3 tp 0.4. The difference in the titration results is likely to indicate a preferential removal of free phosphate groups during the DNase II action. Thymus DNA, devoid of any protein, totally precipitated at a lysine/DNA ratio of 1.0. The subtractions of chromatin were titrated with polylysine to examine whether free phosphate groups were differentially distributed in the template-active and the template-inactive fraction (Fig. 3) . This did not appear to be the case as the MgCl-soluble and MgCl-insoluble chromatin fractions produced a similar titration curve. Moreover, no difference was found between the total MgCl, insoluble chromatin and the 11 S nucleosorae fraction isolated as described in Fig. 1 . The titration properties of the chromatin fractions resembled those of the total digested chromatin of Fig. 2 . However, the MgCl 2 soluble chromatin displayed one special feature as some 15 % of its DNA could be precipitated at no polylysine concentration.
Experiments were carried out to characterize the kinds of protein masking DNA phosphates. The MgCl 2 insoluble fraction was extracted with 0.35 M and 0.5 M NaCl to remove loosely bound nonhistones and histone H 1, respectively. After the extractions the protein/DNA ratios of the chromatin fractions (Fig. 4 ). The removal of histone H 1, probably together with some nonhistone proteins, appeared to unmask more DNA, about 0.2 units. The result was reproduced with purified 11 S particles. This suggests that some 20 % of DNA phosphates in nucleosomes is masked by histone H 1.
DISCUSSION
Polylysine precipitation of the total liver chromatin is complete at lysine/nucleotide ratios of 0.5-0.6 in agreement with reports on chromatin from other tissues (8, 19) . A 20 min digestion of the chromatin with DNase II changes the polylysine titration curve making the precipitation complete at a ratio of 0.3-0.4. This suggests a preferential removal of free phosphate groups from the chromatin by the enzyme. Similar results have been reported by Itzhaki (11) . However, some free phosphate groups apparently remain in the digested chromatin. The properties of the two chromatin fractions: MgCl 2 soluble (template active) and MgCl, insoluble (template inactive) chromatin have been characterized by us elsewhere (12, 21) . The two fractions display a typical protein composition in a number of different tissues and species (13, 22, 23) , which appears to be distinct, for example, from ribosomal proteins (23) .
The polylysine titration curves of the MgCl 2 soluble and the MgCl 2 insoluble chromatin fractions were largely similar. However, in the case of the MgCl 2 soluble chromatin some 15 % of the DNA remained soluble even at high polylysine concentrations. This may indicate that a fraction of the MgCl 2 soluble chromatin contains no free phosphate groups. The results suggest that the degree of accessible phosphate groups does not appear to differ according to template activity. However, Arnold and Young titrating chromatin fractions, sheared by sonication, reported that the MgCl 2 soluble fraction was pre- Furthermore, there is no information as to whether the digested sequences are transcribed or not. In the case of DNase I digestion the transcribed sequences are reported to be particularly susceptible (24) , while with micrococcal nuclease no such sensitivity has been noted (25) .
